






















0\ VLQFHUH DSSUHFLDWLRQ DOVR H[WHQGV WR DOOP\ FROOHDJXHV DQG IULHQGVZKR
KDYH SURYLGHG DVVLVWDQFH DW YDULRXV RFFDVLRQV 7KHLU YLHZV DQG WLSV ZHUH XVHIXO




*DLW DQDO\VLV LV DQ HVVHQWLDO WRRO LQ FOLQLFDO UHKDELOLWDWLRQ ,W IDFLOLWDWHV WKH
GLDJQRVLVWUHDWPHQWPRQLWRULQJDQGLPSOHPHQWDWLRQRIPHWKRGRORJLHVWKDWPLWLJDWH
WKH HIIHFW RI VRPHSDWKRORJLHV DVVRFLDWHGZLWK WKHPRYHPHQW7KLV DQDO\VLVXVHV D
V\VWHPDWLF TXDQWLILFDWLRQ IROORZXSDQG LQWHUSUHWDWLRQRI WKH WHPSRUDO VHTXHQFHRI




RI WKLV SURMHFW LV IRUPXODWLRQ DQG LPSOHPHQWDWLRQ RI D GRXEOH LQYHUWHG SHQGXOXP
',3 PRGHO WR GHVFULEH WKH G\QDPLFV RI KXPDQ JDLW 7KH PRGHO FRQVLVWV WKH
SK\VLRORJLFDO H[WHQVLRQ RI D KHDGဨDUPVဨWUXQN +$7 DQG OHJ VHJPHQW /D*UDQJH
(XOHU PHFKDQLFV XVHG IRU PDWKHPDWLFDO PRGHOOLQJ 6LPXODWLRQV ZHUH SHUIRUPHG
XVLQJ 6LPXOLQN DQG 0$7/$% VRIWZDUH 7KH KLS DQJOH DQNOH DQJOH DQG JURXQG
UHDFWLRQ IRUFHV ZHUH FRPSDUHG DJDLQVW H[SHULPHQWDO GDWD ,W ZDV IRXQG WKDW
H[SHULPHQWDOKLSDQJOHDQGPRGHOKLSDQJOHPDWFKHGDJDLQVWHDFKRWKHUIURPWR
 RI JDLW F\FOH ZKLOH WKH H[SHULPHQWDO DQNOH DQJOH GHYLDWHG FRQVLGHUDEO\ IURP
PRGHO DQNOH DQJOH IURP  JDLW F\FOH RQZDUGV ,Q DGGLWLRQ *5) FDOFXODWLRQV
VKRZHGWKDWERWKPRGHODQGH[SHULPHQWKRUL]RQWDO*5)UHDFKHGWKHVDPHPD[LPXP
YDOXH RI %:ZKLOH WKHPLQLPXPYDOXHV GHYLDWHG FRQVLGHUDEO\2Q WKH RWKHU
KDQG YHUWLFDO *5) RI H[SHULPHQW DQG PRGHO IROORZHG D VLPLODU SDWWHUQ DOWKRXJK
VLJQLILFDQW GHYLDWLRQVZHUH REVHUYHG DWPLG F\FOH$V D UHVXOW WKH FRPSXWHG 5RRW
0HDQ 6TXDUH (UURU 506( IRU WKH PRGHOOHG DQG H[SHULPHQWDO UHVXOWV ZHUH




$QDOLVLV JD\D EHUMDODQ DGDODK VDODK VDWX NDHGDK \DQJ GLJXQDNDQ GDODP
UHKDELOLWDVL NOLQLNDO $QDOLVLV JD\D EHUMDODQPHPEDQWX GDODP SURVHV GLDJQRVLV
UDZDWDQ SHPDQWDXDQ NHVLKDWDQ VHUWD NDHGDKNDHGDK ODLQ GHQJDQ PHQJXUDQJNDQ
NHVDQSDWRORJL\DQJEHUNDLWDQGHQJDQSHUJHUDNDQ$QDOLVLVLQLPHQJJXQDNDQNDHGDK
NXDQWLILNDVL VHFDUD VLVWHPDWLN GLLNXWL VLVWHP VXVXODQGDQ VLVWHP WDIVLUDQ NHDWDV VLUL
SHUJHUDNDQPDQXVLD$QDOLVLV LQL MXJDPHPHUOXNDQGDWDNLQHPDWLNGDQNLQHWLNEDJL
PHQHUDQJNDQ DQMDNDQ VXGXW GDQ NXDVD \DQJ GLKDVLONDQ EDKDJLDQ EDZDK DQJJRWD
EDGDQGDQVHQGLVHPDVDNLWDUDQEHUMDODQ\DQJEHUODNX:DODXEDJDLPDQDSXQNDHGDK
H[SHULPHQ LQL DJDN VXNDU XQWXN GLMDODQNDQ PHQJDPELO PDVD \DQJ SDQMDQJ GDQ
PHPHUOXNDQ NHSDNDUDQ WLQJJL PDQXVLD 2OHK LWX WXMXDQ NDMLDQ SURMHN LQL DGDODK
XQWXNPHQJKDVLONDQ IRUPXODVL GDQ SHODNVDQDDQPRGHO SHQGXOXPEHUJDQGD WHUEDOLN
EDJLPHQHUDQJNDQNHVDQGLQDPLNJD\DEHUMDODQPDQXVLD0RGHOLQLWHUGLULGDULSDGD
EHEHUDSD VDPEXQJDQ \DQJ PHZDNLOL NRPSRQHQ EDGDQ PDQXVLD VHSHUWL  NHSDOD
OHQJDQEDGDQ GDQ EDKDJLDQ NDNL .DHGDK SHUVDPDDQ /D*UDQJH (XOHU GLJXQDNDQ
GDODP PHODNXNDQ SHPRGHODQ PDWHPDWLN 6LPXODVL PRGHO LQL GLODNXNDQ
PHQJJXQDNDQSHULVLDQ6LPXOLQNGDQ0$7/$%VHUWDSHUEDQGLQJDQGDWDHNVSHULPHQ
GLODNXNDQ VHFDUD NXDQWLWDWLI +DVLO NDMLDQ PHQGDSDWL VXGXW SLQJJDQJ \DQJ GLDPELO




SHUPXNDDQ DWDX *URXQG 5HDFWLRQ IRUFH *5) XQWXN FRPSRQHQW PHQGDWDU EDJL
PRGHODQGHNVSHULPHQPHQFDSDLQLODLPDNVLPXP\DQJVDPDLDLWXVHEDQ\DNGDUL
EHUDW EDGDQ %:PDQDNDODQLODLPDNVLPXPDGDODKPHQ\LPSDQJ6HODLQ LWX*5)
EDJLNRPSRQHQPHQHJDNEDJLPRGHOGDQHNVSHULPHQPHQXQMXNNDQFRUDN\DQJVDPD
ZDODXSXQ WHUGDSDW SHQ\LPSDQJDQ QLODL \DQJ NHWDUD VHPDVD SHUWHQJDKDQ NLWDUDQ
EHUMDODQ+DVLODNKLUNDMLDQPHQXQMXNNDQEDKDZDDQDO\VLV5RRW0HDQ6TXDUH(UURU
506( XQWXN NHGXDGXD KDVLO VDPDGD VHFDUDPRGHO GDQ HNVSHULPHQ DGDODK DJDN
















































































)LJXUH ([DPSOH RI QRUPDO NLQHPDWLF FXUYHV RI $QNOH KLS DQG
NQHH 
)LJXUH ([DPSOH RI WKH YHUWLFDO JURXQG UHDFWLRQ IRUFH UHFRUGHG
GXULQJ WKH VWDQFH SKDVH RI WKH QRUPDO JDLW F\FOH
%RQQHIR\0D]XUHHWDO 















































ଵሶߠ ଶሶߠ  $QJXODUYHORFLWLHV
ଵሷߠ ଶሷߠ  $QJXODUDFFHOHUDWLRQV
\  9HUWLFDOGLVSODFHPHQW
[  +RUL]RQWDOGLVSODFHPHQW
ሶଵǡݔ ሶଶݔ  /LQHDUYHORFLWLHVLQKRUL]RQWDOGLUHFWLRQ
























DUH F\FOLF DQG GHPRQVWUDWH DOPRVW SHUIHFW SHULRGLF EHKDYLRXU 5XQJH HW DO 
5HFHQWO\ WKH DQDO\VLV RI KXPDQ PRWLRQ KDV UHFHLYHG D ODUJH DPRXQW RI UHVHDUFK
DWWHQWLRQ7KHPDMRULW\ RI WKLV UHVHDUFK IRFXVHV RQDQDO\VLVRIKXPDQJDLW+XPDQ
JDLW FRQWDLQV DZLGH YDULHW\ RI LQIRUPDWLRQ WKDW FDQ EH XVHG LQ ELRPHWULFV GLVHDVH
GLDJQRVLVORDGGHWHUPLQDWLRQDQGLQMXU\UHKDELOLWDWLRQ.RPXUDHWDO
0RGHOOLQJRIWKHJDLWSURYLGHVXQGHUVWDQGLQJ RIWKHXQGHUO\LQJSURFHVVHVWKDW
GHWHUPLQH ZK\ KXPDQV ZDON WKH ZD\ WKH\ GR ,W FDQ KHOS LGHQWLI\ VSHFLILF
LPSDLUPHQWVDIIHFWLQJSHRSOHZLWKSDWKRORJLHV WKDW LQKLELW WKHLUDELOLW\ WRZDON LQD
QDWXUDOPDQQHUDQGKHQFHWKHDSSURSULDWHWUHDWPHQWRURUWKRWLFFDQEHSUHVFULEHG,Q





DQGRUWKRWLFGHYLFHVZKLFKDUHQRZFKHFNHGHPSLULFDOO\ GHVSLWH WKH IDFW WKDW WKLV
DSSURDFK LV H[SHQVLYH DQG LQHIIHFWLYH 7KLV UHVHDUFK DLPV WR GHYHORS WKH VLPSOHVW
PRGXODUKXPDQJDLWVLPXODWLRQFLUFXLWZKLFKFDQEHXVHGWRFRPSDUHWKHVLPXODWLRQ
GDWDDQGWKHGDWDREWDLQHGE\WKHPRWLRQFDSWXUHFDPHUDV9LFRQDQGIRUFHSODWH
)RU \HDUV FRQFHSWXDOPRGHOOLQJZDV WKH VWDQGDUG LQ WKH JDLW DQDO\VLV ILHOG





SKDVH NQHH IOH[LRQ DQNOH PHFKDQLVPV IRRW PHFKDQLVPV DQG ODWHUDO ERG\
GLVSODFHPHQW 7KHVHPHFKDQLVPVZHUH VDLG WR VPRRWK WKH WUDMHFWRU\ RI D SHUVRQ¶V
FHQWUH RI PDVV &0 DQG WKHUHIRUH UHGXFH HQHUJ\ GLVVLSDWLRQ GXULQJ ZDONLQJ
+RZHYHU D QXPEHU RI H[SHULPHQWDO DQG PDWKHPDWLFDO EDVHG VWXGLHV KDYH VLQFH
EURXJKWLQWRTXHVWLRQWKHYDOLGLW\RIVRPHRIWKHVHGHWHUPLQDQWV=KDQJHWDO
5HVHDUFK WKDW WULHG WR IRUPDOO\ GHVFULEH XSULJKW SRVWXUH LV RIWHQ DSSOLHG WR
VDJLWWDOSODQH VLQJOH LQYHUWHG SHQGXOXP 6,3 ELRPHFKDQLFV ZLWK DQNOH MRLQW
DFWXDWLRQ 6X]XNL HW DO  6XFK 6,3 PRGHOV KDYH VXFFHVVIXOO\ EHHQ XVHG WR
GHVFULEHKXPDQUHVSRQVHVWRH[WHUQDOGLVWXUEDQFHV6RPHRIWKHVH6,3EDVHGPRGHOV




IDLO VDIH 7R EHWWHU XQGHUVWDQG WKHVH VNLOOV LW LV GHVLUDEOH WR XVH GRXEOH LQYHUWHG
SHQGXOXP',3ELRPHFKDQLFVLQWKHPRGHOOLQJ
$VJDLWDQDO\VLVSURJUHVVHGVLPSOHPDWKHPDWLFDOPRGHOVRIZDONLQJEHFDPH
PRUH LPSRUWDQW 8QOLNH WKRVH FRQFHSWV GHYHORSHG SXUHO\ IURP REVHUYDWLRQ WKHVH
VWXGLHVSURYLGHGPDWKHPDWLFDOHYLGHQFH WR MXVWLI\ WKHLUFODLPVZKLFKFRQVHTXHQWO\
FDUULHGPRUHZHLJKW7KHERG\ZRXOGEHDSSUR[LPDWHGLQWRDQXPEHURIULJLGERG\
VHJPHQWV MRLQHG WRJHWKHU WKDW ZHUH DVVXPHG WR KDYH SRLQW PDVVHV DQG HDFK ZDV
JLYHQ DSSURSULDWH JHRPHWULF DQG LQHUWLDO SURSHUWLHV 7KHVH FRXOG WKHQ EH XVHG WR
LQYHVWLJDWHQXPHURXVDVSHFWVRIJDLWDQDO\VLVEXWGXHWRWKHPDQ\DVVXPSWLRQVPDGH
VLPSOHPRGHOVZHUHRIWHQSXUSRVHGHVLJQHG WRRQO\ LQYHVWLJDWHRQHRU WZRVSHFLILF
DVSHFWVRIZDONLQJDWDWLPH<DQJHWDO
,QWKLVUHVHDUFK',3PRGHOLV GHYHORSHGLQRUGHUWRDQDO\VH KXPDQJDLWXVLQJ
NLQHWLF DQGNLQHPDWLF DSSURDFK7KHPRGHOZDV LPSOHPHQWHGDQGGHYHORSHGXVLQJ
0$7/%DQG6LPXOLQN VRIWZDUH$V IRU WKHGDWDYDOLGDWLRQ URRWPHDQ VTXDUH HUURU
506(ZDVFDOFXODWHG ,QRYHUDOO WKHPRGHOKDVDYHU\VLPLODUSDWWHUQRIQRUPDO






JDLW H[DPLQDWLRQ LV FRQVLGHUHG DV WKH PRVW LPSRUWDQW WRRO IRU LGHQWLI\LQJ PRWLRQ
GLVRUGHUVDQGLWLVDOVRXVHGDVDELRPDUNHURIVRPHQHXURPXVFXODULOOQHVVHVOLNHWKH
FHUHEUDOSDOV\RUWKH3DUNLQVRQGLVHDVHVXSSRUWLQJWKHUHE\GLDJQRVLVDQGIROORZXS
,QWHUHVWLQJO\ GXULQJ WKLV DQDO\VLV LW LV SRVVLEOH WR HYDOXDWH WKH HIIHFWLYHQHVV RI D
VSHFLILF WUHDWPHQW DQG WKH SDUWLFXODU UHVSRQVH RI WKH PXOWLSOH JDLW VXEV\VWHPV
+RZHYHU WKHVHDQDO\VHVDUHQRW DFWXDOO\FDUULHGRXW LQ WKHFOLQLFDOSUDFWLFHDPRQJ





XVXDOO\ DVVHVVHG E\ FOLQLFLDQV WKURXJK REVHUYDWLRQ 7KHVH GLDJQRVWLF PHWKRGV DUH
KLJKO\GHSHQGHQWRQWKHFOLQLFLDQV¶NQRZOHGJHDQGH[SHULHQFH7KHJROGVWDQGDUGIRU
FOLQLFDO JDLW DQDO\VLV XVHV IORRUPRXQWHG IRUFH SODWHV DQG RSWLFDO PRWLRQ FDSWXUH
V\VWHPV LQ JDLW ODERUDWRULHV WR REWDLQ VSDWLDOWHPSRUDO SDUDPHWHUV RI WKH JDLW
LQFOXGLQJ VWULGH OHQJWK ZDONLQJ VSHHG DQG ORZHU OLPE NLQHWLFV )RU LQWHUSUHWDWLRQ
DQG DVVHVVPHQW RI JDLW SHUIRUPDQFH KLJKGLPHQVLRQDO JDLW GDWD H[SHULHQFHG
FOLQLFLDQVDUHDOVRUHTXLUHG6LQFHJDLWDQDO\VLVUHTXLUHVERWKSURIHVVLRQDOVWDIIDQG
H[SHQVLYH HTXLSPHQWUHVXOWVLQOLPLWHGDYDLODELOLW\ WRSDWLHQWV0D DQG/LDR
,Q DGGLWLRQ WR WKLV URERWLF DVVLVWLYH GHYLFHV IRU SDWLHQWV ZLWK LPSDLUHG
PRELOLW\VXFKDVH[RVNHOHWRQVSRZHUHGORZHUOLPERUWKRVHVDQGVPDUWSURVWKHVHV
KDYH EHHQ ZLGHO\ GHYHORSHG LQ UHFHQW \HDUV +HUU  7KHUHIRUH WR SURYLGH
DSSURSULDWH DQG XVHUDGDSWLYH DVVLVWDQFH D SDWLHQW¶V JDLW SDWWHUQ DQG SHUIRUPDQFH

QHHGWREHPRGHOOHGEHIRUHWKLVLQIRUPDWLRQFDQEHXVHGIRUGHYLFHFRQWURO)RUWKHVH
DSSOLFDWLRQV D JDLW DQDO\VLVPHWKRGQHHGV WR EH GHYHORSHGEDVHG RQ UHDOWLPHJDLW
GDWDIURPZHDUDEOHVHQVRUV+RZHYHUWKLVWKLVLVQRWDQHDV\WDVNGXHWRWKHUHDVRQV
PHQWLRQHGEHIRUH
)XUWKHUPRUH KXPDQ JDLW GDWD PHDVXUHG IRU JDLW DQDO\VLV PDLQO\ LQFOXGH
ORZHU OLPE NLQHPDWLFV DQG JURXQG UHDFWLRQ IRUFHV *5)V ,QHUWLD 0HDVXUHPHQW
8QLWV ,08V LQFOXGLQJ DFFHOHURPHWHUV PDJQHWRPHWHUV DQG J\URVFRSHV DUH WKH
PRVWZLGHO\XVHGZHDUDEOHVHQVRUVLQFOLQLFDOVWXGLHVDQGDUHRIWHQXVHGLQVWHDGRI
SURIHVVLRQDO RSWLFDO PRWLRQ FDSWXUH V\VWHPV %HMDUDQR HW DO  +RZHYHU






LQYHUWHG SHQGXOXP 6,3 PRGHO 6,3 PRGHOV KDYH RQO\ RQH VHJPHQW UHSUHVHQWLQJ
VWDQFHOHJSLYRWLQJDERXWLWVGLVWDOHQGUHSUHVHQWLQJDQNOHMRLQW6X]XNLHWDO
$OWKRXJKVXFK6,3PRGHOVKDYHVXFFHVVIXOO\EHHQXVHGWRGHVFULEHKXPDQUHVSRQVHV






E 7RRSWLPL]HWKHVLPXODWHG PRGHOE\LQFOXGLQJ D VHQVRU\IHHGEDFNPRGHO
F 7RFRPSDUHWKH VLPXODWHG PRGHOZLWKDFWXDOH[SHULPHQWDOGDWD

 6FRSHRIWKH6WXG\
,Q WKLV SURMHFW DQ H[WHQVLYH OLWHUDWXUH ZDV GRQH DQG D GRXEOH LQYHUWHG
SHQGXOXP ',3 PRGHO FRQVLVWLQJ WZR ULJLG DQG FRQQHFWHG VHJPHQWV UHSUHVHQWLQJ
DQNOH DQG KLS DQJOH ZDV GHYHORSHG /DJUDQJH G\QDPLFV ZDV REWDLQHG IRU
PDWKHPDWLFDO PRGHOOLQJ 0$7/$% DQG 6LPXOLQN VRIWZDUH ZHUH XVHG IRU









%DVKLU . ;LDQJ 7 DQG *RQJ 6  *DLW UHFRJQLWLRQ ZLWKRXW VXEMHFW
FRRSHUDWLRQ3DWWHUQ5HFRJQLWLRQ/HWWHUVSS
%HMDUDQR 1& $PEURVLQL ( 3HGURFFKL $ )HUULJQR * 0RQWLFRQH 0 DQG
)HUUDQWH6$QRYHODGDSWLYHUHDOWLPHDOJRULWKPWRGHWHFWJDLWHYHQWV
IURP ZHDUDEOH VHQVRUV ,((( 7UDQVDFWLRQV RQ 1HXUDO 6\VWHPV DQG
5HKDELOLWDWLRQ(QJLQHHULQJSS
%RQQHIR\0D]XUH$	$UPDQG6WpSKDQH1RUPDOJDLW
%URFNHWW&/ DQG&KDSPDQ*- %LRPHFKDQLFVRI WKH DQNOH2UWKRSDHGLFV
DQGWUDXPDSS
%XF]HN )/ &RRQH\ .0 :DONHU 05 5DLQERZ 0- &RQFKD 0& DQG





&ROREHUW % &UpWXDO $ $OODUG 3 DQG 'HODPDUFKH 3  )RUFHSODWH EDVHG




'RQHODQ -0 .UDP 5 DQG .XR $' 0HFKDQLFDO ZRUN IRU VWHSWRVWHS







*UHHQZRRG' 3ULQFLSOHV RI '\QDPLFV WKH QG (GLWLRQ (QJOHZRRG &OLIIV 1-
3UHQWLFH+DOO
+DPLOO - DQG .QXW]HQ .0  %LRPHFKDQLFDO EDVLV RI KXPDQ PRYHPHQW
/LSSLQFRWW:LOOLDPV	:LONLQV
+DPLOO-DQG..QXW]HQ%LRPHFKDQLFDO%DVLVRI+XPDQ0RYHPHQW
+DW]H + $ FRPSOHWH VHW RI FRQWURO HTXDWLRQV IRU WKH KXPDQ PXVFXORVNHOHWDO
V\VWHP-RXUQDORIELRPHFKDQLFVYROSS
+HUU +  ([RVNHOHWRQV DQG RUWKRVHV FODVVLILFDWLRQ GHVLJQ FKDOOHQJHV DQG
IXWXUHGLUHFWLRQV-RXUQDORIQHXURHQJLQHHULQJDQGUHKDELOLWDWLRQS
+XDQJ4<RNRL..DMLWD6.DQHNR.$UDL+.R\DFKL1DQG7DQLH.
 3ODQQLQJ ZDONLQJ SDWWHUQV IRU D ELSHG URERW ,((( 7UDQVDFWLRQV RQ
URERWLFVDQGDXWRPDWLRQSS
+RQJ <' DQG .LP -+  ' FRPPDQG VWDWHEDVHG PRGLILDEOH ELSHGDO
ZDONLQJ RQ XQHYHQ WHUUDLQ ,((($60( 7UDQVDFWLRQV RQ 0HFKDWURQLFV
SS
.DMLWD 6 <DPDXUD 7 DQG .RED\DVKL $  '\QDPLF ZDONLQJ FRQWURO RI D
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